Benign prostate hyperplasia; Prostatic chemical element contents; Trace element supplementations; Energy dispersive Xray fluorescence analysis; Neutron activation analysis; Inductively coupled plasma atomic emission and mass spectrometry Abstract Objective: The aim of this study was to clarify the differences between the prostatic levels of chemical elements in patients with benign prostatic hyperplasia (BPH) and healthy male. Methods: We evaluated the prostatic level of 66 chemical elements in 43 patients with BPH and 37 healthy males. Measurements were performed using five instrumental analytical methods. Results: In the hyperplastic prostates, we have observed a significant increase in the mean level of Bi, Cr, Hg, K, Sb, and Se accompanied a significant decrease in the mean level of Al, Ce, Cs, Dy, Er, Gd, Ho, La, Mo, Nd, Pb, Pr, Sm, Sn, Tb, Tm, U, and Y. No differences were found in the mean prostatic level of other chemical elements including
Introduction
Benign prostatic hyperplasia (BPH) represents the most common age-related urologic disease. Prostatic tissue contains two basic components: A glandular component composed of secretory ducts and acini, and a stromal component composed primarily of collagen and smooth muscle. BPH is histologically defined as an unregulated proliferation of glandular epithelium, connective tissue, and smooth muscle [1] . The prevalence of histological BPH is found in approximately 50%e60% of males aged 40e50 years, in over 70% at 60 years and in greater than 90% of men over 70 years [2] . To date, we still have no precise knowledge of the cellular and biochemical processes underlying the etiology and pathogenesis of BPH [3] . There are a few hypotheses on the subject but the most common concept is based on the differentiating and growthpromoting actions of androgens [4] .
In our previous studies it was shown that the levels of calcium (Ca), zinc (Zn), and some other chemical elements in prostate tissue are the androgen-dependent parameters and play an important role in prostate functions [5e10] . Moreover, it is well known that many other chemical elements besides Ca, Zn play important roles in cell proliferation, differentiation, and transformation and are essential for the regulation of DNA synthesis, mitosis and apoptosis [11] . Due to lifestyle, dietary habits, and physiological effects of aging, the elderly male population is normally predisposed to conditions of trace elements deficiency [12] , which can increase this population's susceptibility to BPH [13] . According to the proponents of dietary supplemental trace element usage, in the absence of such supplements, cellular trace element uptake will be depressed and trace element levels in prostate tissue will be reduced [13, 14] .
On the other hand, in our previous studies it was found a significant tendency for an increase in level of bismuth (Bi), cadmium (Cd), chromium (Cr), mercury (Hg), thorium (Th), uranium (U), and some other potentially harmful trace elements in intact nonhyperplastic prostate from age 21 years to the sixth decade [15e17] . Moreover, it has been showed the association of Ca, as well as Zn, Cd, Cr, lead (Pb), and some other trace metals to BPH development and progression [18e20] .
The chemical element contents in tissue of the hyperplastic prostate have been studied, producing contradictory results [21e35] . The majority of these data are based on measurements of processed tissue and in many studies tissue samples are ashed before analysis. In other cases, prostate samples are treated with solvents (distilled water, ethanol, etc.) and then are dried at a high temperature for a few hours. There is evidence that certain quantities of chemical elements are lost as a result of such treatment [36e38] . Moreover, only a few of these studies employed quality control using certified reference materials for determination of the chemical element mass fractions. Thus, the questions about the differences between chemical element contents in intact and BPH tissue remained open.
This work had five aims. The first was to assess the 66 chemical element mass fractions: Silver (Ag), aluminum (Al), arsenic (As), gold (Au), boron (B), barium (Ba), beryllium (Be), Bi, bromine (Br), Ca, Cd, cerium (Ce), cobalt (Co), Cr, cesium (Ce), coper (Cu), dysprosium (Dy), erbium (Er), europium (Eu), iron (Fe), gallium (Ga), gadolinium (Gd), hafnium (Hf), Hg, holmium (Ho), iridium (Ir), potassium (K), lanthanum (La), lithium (Li), lutecium (Lu), magnesium (Mg), manganese (Mn), molybdenum (Mo), sodium (Na), niobium (Nb), neodymium (Nd), nickel (Ni), phosphorus (P), Pb, palladium (Pd), praseodymium (Pr), platinum (Pt), rubidium (Rb), rhenium (Re), rhodium (Rh), sulphur (S), antimony (Sb), scandium (Sc), selenium (Se), silicon (Si), samarium (Sm), tin (Sn), strontium (Sr), tantalum (Ta), terbium (Tb), tellurium (Te), Th, titanium (Ti), thallium (Tl), thulium (Tm), U, vanadium (V), yttrium (Y), ytterbium (Yb), zinc (Zn), and zirconium (Zr) in normal and BPH prostate using energy dispersive X-ray fluorescence (EDXRF), instrumental neutron activation analysis with high resolution spectrometry of short-lived radionuclides (INAA-SLR), instrumental neutron activation analysis with high resolution spectrometry of long-lived radionuclides (INAA-LLR), inductively coupled plasma atomic emission spectrometry (ICP-AES), and inductively coupled plasma mass spectrometry (ICP-MS). The second aim was to find differences between the results of BPH prostate and the levels of chemical elements in the nonhyperplastic prostate gland of age-matched health subjects, who had died suddenly. The third aim was to compare the results obtained in this work with data from the literature. The fourth aim was to investigate the dependence of chemical element contents from the age of BPH patients and the stage of disease. The final aim was to estimate the intercorrelations between chemical element mass fractions in hyperplastic prostate and to compare these results with data for non hyperplastic gland.
Patients and methods
All patients studied (n Z 43) were hospitalized in the Urological Department of the Medical Radiological Research Centre. All patients of Medical Radiological Research Centre have signed informed consent. In all cases the diagnosis of BPH (n Z 20 in the 1st stage of disease, n Z 16 in 2nd stage, and n Z 7 in 3rd stage) has been confirmed by clinical and morphological results obtained during studies of biopsy and resected materials. None of the patients were taking a trace element supplement known to affect prostate chemical element contents. The age of patients with BPH ranged from 38 to 83 years, the mean being 66 AE 8 years (mean AE SD). Using a titanium scalpel resected materials were divided into two portions to permit morphological study of prostatic tissue and to estimate their chemical element contents.
Intact prostates were removed at necropsy from 37 men (mean age 55 AE 11 years, range 41e87 years) who had died suddenly (control group). The majority of deaths were due to trauma. The available clinical data were reviewed for each subject. None of the subjects had a history of an intersex condition, endocrine disorder, neoplasm or other chronic disease that could affect the normal development of the prostate. None of the subjects were receiving medications known to affect prostate morphology or chemical element content. All prostate glands were collected within 2 days of death and divided (with an anterior-posterior cross-section) into two portions using a titanium scalpel. One tissue portion was reviewed by an anatomical pathologist while the other was used for the chemical element determination. A histological examination was used to control the age norm conformity as well as to confirm the absence of any microadenomatosis and/or latent cancer.
After the samples intended for chemical element analysis were weighed, they were freeze-dried and homogenized. The pounded sample weighing about 8 mg was applied to a piece of adhesive tape, which served as a sample backing for EDXRF analysis. The sample weighing about 10e100 mg was used for chemical element measurement by INAA-SLR. The samples for INAA-SLR were sealed separately in thin polyethylene films washed with acetone and rectified alcohol beforehand. The sealed samples were placed in labeled polyethylene ampoules. A sample weighing about 10e50 mg was used for chemical element measurement by instrumental NAA-LLR. The samples for NAA-LLR were wrapped separately in a high-purity aluminum foil washed with rectified alcohol beforehand and placed in a nitric acid-washed quartz ampoule.
The samples weighing about 10e100 mg for ICP-AES and ICP-MS were decomposed in autoclaves; 1.5 mL of concentrated HNO 3 (nitric acid at 65%, maximum of 0.0000005% Hg; GR, ISO, Merck, Darmstadt, Germany) and 0.3 mL of H 2 O 2 (pure for analysis) were added to the prostate tissue samples, placed in one-chamber autoclaves (Ancon-AT2, Ltd., Moscow, Russia) and then heated for 3 h at 160e200 C. After autoclaving, they were cooled to room temperature and solutions from the decomposed samples were diluted with deionized water (up to 20 mL) and transferred to plastic measuring bottles. Simultaneously, the same procedure was performed in autoclaves without tissue samples (only HNO 3 þH 2 O 2 þdeionized water), and the resultant solutions were used as control samples.
For quality control, samples of the certified reference materials IAEA H-4 Animal Muscle from the International Atomic Energy Agency (IAEA), and also samples INCT-SBF-4 Soya Bean Flour, INCT-TL-1 Tea Leaves and INCT-MPH2Mixed Polish Herbs from the Institute of Nuclear Chemistry and Technology (INCT, Warsaw, Poland) were analyzed simultaneously with the prostate tissue samples being investigated. All samples of CRM were treated in the same way as the prostate tissue samples. Detailed results of this quality assurance program were presented in earlier publications [32,33,39e43] .
The mass fractions of Br, Fe, Rb, Sr, and Zn were measured by EDXRF, the mass fractions of Br, Ca, K, Mg, Mn, and Nadby NAA-SLR, the mass fractions of Ag, As, Au, Ba, Br, Cd, Ce, Co, Cr, Cs, Eu, Fe, Gd, Hf, Hg, La, Lu, Nd, Rb, Sb, Sc, Se, Sm, Sr, Ta, Tb, Th, U, Yb, Zn, and Zrdby NAA-LLR, the mass fractions of Al, B, Ba, Ca, Cu, Fe, K, Li, Mg, Mn, Na, P, S, Si, Sr, V, and Zndby ICP-AES, and the mass fractions of Ag, Al, As, Au, B, Be, Bi, Br, Cd, Ce, Co, Cr, Cs, Dy, Er, Eu, Ga, Gd, Hf, Hg, Ho, Ir, La, Li, Lu, Mn, Mo, Nb, Nd, Ni, Pb, Pd, Pr, Pt, Rb, Re, Sb, Se, Sm, Sn, Ta, Tb, Te, Th, Ti, Tl, Tm, U, Y, Yb, Zn, and Zrdby ICP-MS. Details of the analytical methods and procedures used here such as nuclear reactions, radionuclides, g-energies, wavelength, isotopes, spectrometers, spectrometer parameters and operating conditions were presented in our earlier publications concerning the chemical elements of human prostate gland [32,33,39e43] .
A dedicated computer program of INAA mode optimization was used [44] 
Results
All studies were approved by the Ethical Committee of the Medical Radiological Research Center, Obninsk.
The results for 66 elemental mass fractions in nonhyperplastic and BPH prostate glands measured by means of the five analytical methods were obtained in the study. However, the mass fractions of As, Eu, Ga, Hf, Ir, Lu, Pd, Pt, Re, Ta, and V (11 trace elements) were determined only for the few samples measured. The possible upper limit of the mean ( M) for these elements was calculated as the average mass fraction for each element, using the value of the detection limit (DL) instead of the individual value, when the latter was found to be below the DL:
where C i is the individual value of chemical element mass fractions in the i th sample, n i is the number of samples with a measured mass fraction above DL, n j is the number of samples with a measured mass fraction below DL, and n Z n i þ n j is the total number of investigatedsamples. Thus, the possible upper limit of the mean for As, Eu, Ga, Hf, Ir, Lu, Pd, Pt, Re, Ta, and V (mg/kg, dry mass basis) were: As 0. with BPH) and nonhyperplastic (age-matched control group) prostate were presented in Table 3 . (Tables 1 and 2 ). It meant that for these trace elements the distribution of individual results were not normal. It was a reason why the differences in the results between BPH and normal prostate were evaluated by both parametric Student's t-test and non-parametric Wilcoxon-Mann-Whitney U-test (Table 3 ). The comparison of this work results with other published information for Ag, Al, Au, B, Be, Bi, Br, Cd, Ce, Co, Cr, Cs, Dy, Er, Fe, Gd, Hg, Ho, La, Li, Mn,Mo, Nb, Nd, Ni, Pb, Pr, Rb, Sb, Sc, Se, Sm, Sn, Tb, Th, Ti, Tl, Tm, U, Y, Yb, Zn and Zr mass fraction in BPH glands of adult males is shown in Table 4 . When our results were compared with data of literature a number of values for chemical element mass fractions were not expressed on a dry mass basis by the authors of the cited references. However, we calculated these values using the medians of published data for water (83%) and ash (1%) (on wet mass basis) contents in nonhyperplastic prostate of adult men [45, 46] , and also for water (80%) in BPH tissue [47] .
To estimate the effect of age on the chemical element mass fractions in BPH tissue, we examined two age groups: The first comprised persons with ages ranging from 38 to 65 years (mean age 60 AE 6 years, n Z 22) and the second comprised those with ages ranging from 66 to 83 years (mean age 73 AE 4 years, n Z 21). The means, the ratios of means and the differences between mean values of chemical element mass fractions in two age groups, evaluated by both parametric Student's t-test and nonparametric Wilcoxon-Mann-Whitney U-test, are presented in Table 5 .
To estimate the effect of stage of disease on the chemical element mass fractions in BPH tissue, we examined two groups: The first comprised persons with stages 1 and 2 combined (mean age 66 AE 8 years, n Z 36) and the second comprised those with stage 3 (mean age 69 AE 7 years, n Z 7). The means, the ratios of means and the differences between mean values of chemical element mass fractions, evaluated by both parametric Student's ttest and non-parametric Wilcoxon-Mann-Whitney U-test, in two groups were presented in Table 6 . Tables 7 and 8 
Discussion
The use of five analytical methods allowed us to estimate the mass fractions of 66 non hyperplastic chemical elements in non hyperplastic and BPH prostate glands of males in the age range 38e87 years. Good agreement was found between the results obtained with non-destructive (EDXRF, NAA-SLR, and NAA-LLR) and destructive methods (ICP-AES and ICP-MS) for Ag, Br, Ca, Co, Cr, Fe, K, Mg, Mn, Na, Rb, Sb, Se, Sr, and Zn indicating complete digestion of the prostate samples (for ICP techniques) and correctness of all results obtained by the various methods. The fact that the elemental mass fractions (mean AE SD) of the certified reference materials obtained in the present work were in good agreement with the certified values and within the corresponding 95% confidence intervals [32,33,39e43 ] non hyperplastic suggests an acceptable accuracy of the measurements performed on our prostate samples (Tables 1 and 2 ).
In the hyperplastic prostates an increase in mass fractions of B, Bi, Co, Cr, Fe, Hg, K, Nb, Sb, Se, Si, Sr, Tl, and Zr in comparison with the normal prostates was observed (Table 3 ). In particular, a significant higher level of Bi, Cr, Hg, K, Sb, and Se was found in BPH gland (Table 3) 
Trace element Se is an important non-enzymatic antioxidant that reduces the activity of number of physiologically generated oxygen radicals. High levels of such trace elements as Co, Cr, Hg, Fe and Zn and an imbalance with other transition metals (for example, low level of Mn) indicate indirectly an increased oxidative stress in BPH tissue. Thus, it might be supposed that the accession of oxidative stress in BPH gland was accompanied by the elevated level of Se.
In the hyperplastic prostates, we have observed an increase in mass fraction of K in comparison with the histologically normal prostates (Table 3) . It is well known that K is the major cation of the intracellular fluid and cells are the main pool of this electrolyte in human body [47] . Thus, because the major characteristic of BPH is an overgrowth of the prostatic cells [1] , becomes clear why an increase in the prostatic K mass fractions has respect to a hyperplastic transformation.
In the hyperplastic prostates a significant decrease in mass fraction of Al, Ce, Cs, Dy, Er, Gd, Ho, La, Mo, Nd, Pb, Pr, Sm, Sn, Tb, Tm, U, and Y in comparison with the normal prostates was also found ( Table 3 ). The biochemical reason behind the low levels of these element mass fractions in BPH gland requires further study for a more complete understanding. No statistically significant differences between the mean values of all other chemical element mass fractions determined in this study (Ag, Au, B, Ba, Be, Br, Ca, Cd, Co, Cu, Fe, Li, Mg, Mn, Na, Nb, Ni, P, Rb, S, Sc, Si, Sr, Th, Ti, Tl, Yb, Zn, and Zr) for BPH and normal prostates were shown (Table 3) .
The obtained mean values for Ca, Cd, Cu, Fe, Mg, P, Rb, Se, Sr, and Zn mass fractions in BPH gland, as shown in Table  4 , agree well with median of means cited by other researches. Mean values for Br, K, and Na mass fraction were somewhat higher than the maximum of previously reported mean values while mean value for S were somewhat lower than the minimum of reported means. The means of this work for Co, Cr, Mn, Ni, Pb, and Ti mass fractions were almost from one to two orders of magnitude lower than previously , it was shown that in the histologically normal prostates of males in the sixth to ninth decades, the magnitude of mass fractions of all chemical elements were maintained at near constant levels. No age-related differences in mass fraction of chemical elements in the hyperplastic prostate glands of men aged from 38 to 83 years were found in this study ( Table 5 ). The only exclusion was the mass fraction of Cr, Sc, and Sn. The mean mass fractions of Cr, Sc, and Sn in the hyperplastic prostate glands of males aged 66e83 years were 1.44, 1.95, and 2.83 times higher than in the hyperplastic prostate glands of males aged 38e65 years, respectively.
No differences in mass fraction of chemical elements in prostate of two BPH patient groups with different stage of disease and similar age ranges were found ( Table 6 ). The only exclusion was the mass fraction of Hg and Sb. The mean mass fractions of Hg and Sb in the prostate glands of BPH patient with stage 1e2 of disease were 1.63, and 2.41 times higher than in the prostate of patient with stage 3 of disease. The biochemical reason behind the decrease of Hg and Sb mass fractions in the stage 3 of BPH requires further study for a more complete understanding.
In control group of males a statistically significant direct correlation was found, for example, between the prostatic Zn and Mg (r Z 0.57), Zn and P (r Z 0.80), Zn and Sc (r Z 0.63), and Zn and Tl (r Z 0.50) ( Table 7 ). In hyperplastic prostates some correlations between trace elements found in the control group were no longer evident, for example, correlations for some pairs with Zn (ZneMg and ZneP), but other correlations (direct ZneAg, ZneBa, ZneCu, and ZneHg) were arisen (Table 8) . Thus, accepting the levels and relationships of chemical element mass fractions in prostate glands of males in the control group as a norm, it can be concluded that with a hyperplastic transformation the levels and relationships of chemical elements in prostate significantly changed. No published data referring to correlations between chemical elements mass fractions in BPH gland were found.
Numerous in vitro and in vivo studies have evidenced that the disturbed homeostasis of Ca, Zn, Fe, and Se can play a very important role in the mechanism of uncontrolled cellular hyperplasia [13, 56, 57] . The high level of Ca, Zn, Fe, Se and some other chemical element contents found just in the prostate gland [6e10] cannot be regarded as pure chance. It indicates that these elements must play here a very essential role in preserving the normal function of prostate cells and retaining the balance between their proliferation and physiological death (apoptosis). Exists an opinion that the elderly male population is predisposed to conditions of Ca, Zn, Fe, Se and some other chemical elements deficiencies [12,58e61] , which can increase this population's susceptibility to BPH. Since iodine deficiency can make the thyroid gland expand in size, it is thought that a Zn deficiency may also cause the prostate gland to increase in size. According to the proponents of dietary supplemental Zn usage, in the absence of Zn supplements, cellular Zn uptake will be depressed and Zn levels in normal prostate cells will be reduced [14] . This study data reveal that there are no any differences between Ca, Zn, and Fe mass fractions in the prostate of healthy individuals and patients with BPH. Moreover, the mean level of Se content in hyperplastic prostates is significantly higher than in nonhyperplastic glands. Thus, "the potential role Zn, Fe, and Se deficiency" in the prostate [13] has not been confirmed as being involved in the etiology of BPH.
Conclusion
This work revealed that there is a significant tendency for an increase in Bi, Cr, Hg, K, Sb, and Se mass fraction in hyperplastic prostates. Present study finding of chemical element contents and correlation between pairs of chemical element mass fractions indicates that there is a great disturbance of prostatic chemical element relationships in BPH gland. Because the biochemical changes preceded the morphological transformations, it can be concluded that not only a high level of some chemical elements but also a great disturbance in the relationships of elements in prostatic parenchyma is a pathogenetic factor of BPH. Obtained data did not confirm a critical role of Cd and Pb accumulation in the pathogenesis of BPH. The potential agerelated Ca, Zn, Fe, and Se deficiency in the prostate has not been found as being involved in the etiology of BPH. This work data cast doubts on a beneficial effect of the Ca, Zn, Fe, and Se supplementations on BPH prevention and treatment. An estimation of the significance of prostatic chemical element levels as the BPH markers is planned in the future investigations.
The current study had sufficient sample size to detect the differences between the prostatic levels of 66 chemical elements in patients with BPH and healthy male. A similarly but more larger future study is needed to explore possible chemical element variations in normal and BPH prostate due to peculiarity of diet and cacoethes, such as smoking, alcohol ingestion, etc. 
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